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TN THH TJNTTRD STATES PATENT & TRADEMARK OFFTCE 
IN RE APPLICATION OF : 

MICHEL DROUX : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLN : 
(Based on PCT/FR99/01874) 

FILED: HEREWITH : 

FOR: PROCESS FOR MANUFACTURING: 
A MAT, AND PRODUCTS 
OBTAINED 

PRF.TJMTNARY A MENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
application as follows: 

TN THE TITLE 

Please amend the title to read 

-METHOD FOR MAKING A MAT AND RESULTING PRODUCTS--. 



TN THE CLAIMS 
Please amend the claims as follows: 

Claim 4, line 1, replace "one of Claims 1 to 3" with -Claim 1-. 
Claim 5, line 1, replace "one of Claims 1 to 4" with -Claim 1-. 
Claim 6, line 1, replace "one of Claims 1 to 5" with -Claim 1-. 
Claim 7, line 1, replace "one of Claims 1 to 6" with —Claim 1— . 



Claim 8, line 1, replace "one of Claims 1 to 7" with —Claim 1—. 
Claim 10, line 1, replace "one of Claims 7 to 9" with —Claim 7—. 
Claim 12, line 1, replace "one of Claims 1 to 11" with —Claim 1—. 
Claim 13, line 1, replace "one of Claims 1 to 12" with —Claim 1—. 
Claim 14, line 1, replace "one of Claims 1 to 13" with —Claim 1—. 
Claim 17, line 4, replace "one of Claims 1 to 14" with —Claim 1—. 
Claim 20, line 1, replace "one of Claims 18 and 19" with —Claim 18—. 
Claim 21, line 4, replace "one of Claims 17 to 20" with —Claim 17—. 

REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present preliminary amendment is submitted to place the above-identified 
application in more proper format under United States practice. By the present preliminary 
amendment the claims have been amended to no longer recite any improper multiple 
dependencies. The title has also been amended to be consistent with the declaration. 



The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application is 
hereby respectfully requested. 



Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Surinder Sachar 
Registration No. 34,423 
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PROCESS FOR MANUFACTURING A MAT, 
AND PRODUCTS OBTAINED 



The present invention relates to a process for 
manufacturing improved mats for producing, in particular, 
composite products and/or moulded products, particularly to a 
process for manufacturing improved mats made of continuous 
glass strands for producing composite products via injection- 
moulding techniques, and relates to a device that makes it 
possible to obtain such mats and to the mats obtained. 

Products known by the name ''mats" are essentially 
products used in the reinforcing industry and most often 
comprising glass strands formed of filaments. A distinction is 
generally drawn between two types of mats: chopped-strand 
mats and continuous-strand mats. Mats made of continuous 
strands of glass are products which are well known in the 
reinforcing industry and are generally used to produce composite 
products by moulding, particularly by compression moulding or 
injection moulding. They are usually obtained by the continuous 
distribution and superposition of layers of continuous strands on 
a conveyor, each layer being obtained from a bushing by drawing 
glass threads in the form of continuous filaments, then by 
combining the filaments into strands and projecting these strands 
onto the conveyor (with a swinging or to-and-fro movement so 
that the strands sweep right or partially across the width of the 
conveyor) moving transversely to the direction of the projected 
strands, the cohesion of the strands within the mat generally 
being afforded by a binder deposited on the strands then treated 
in an oven. 

Rather different properties are looked for in the mats of 
continuous glass strands, depending on the envisaged 
applications; for example, when these mats are intended for the 
production of composites by pultrusion or are intended for 
electrical applications or for insulation, it is desirable to use flat 
mats consisting of strands which are strongly bound together and 
exhibiting only small gaps between the strands, and when these 
mats are intended for the production of composites by injection 
moulding, it is desirable to use sufficiently ventilated (or porous) 
mats, notably mats having or maintaining sufficient bulk (or 
being "inflated'' enough) for a given weight of strand. 
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It is known practice for the surface finish of composites 
obtained from mats of continuous glass strands to be improved 
by coating these last with webs or veils of glass filaments held in 
place by a binder. Such an operation does, however, have 
5 drawbacks; aside from the fact that it may slow productivity and 
increase the cost of manufacture of the mats, it generally poses 
problems of compatibility or of securing of the webs and of the 
mats. To treat the mat in order to improve its surface finish may 
also lead to problems of a partial or complete loss of some of the 

10 properties of the mats (such as bulk, mechanical properties, 
etc.)- At the present time there is no process that makes it 
possible, with good productivity, to obtain mats which are both 
sufficiently bulky and porous that they can be used satisfactorily 
in the manufacture of composites by injection-moulding 

15 techniques and at the same time allow the production of 
composites which have a particularly satisfactory surface finish. 

The object of the present invention is to provide improved 
mats, particularly continuous-strand mats (preferably comprising 
glass strands) in particular allowing the production of composites 

2C and/or moulded products which have a particularly satisfactory 
surface finish and can be used satisfactorily in the manufacture of 
composites and/or moulded products using injection-moulding 
techniques, and is to provide an advantageous process for the 
production of these mats. 

2 5 This objective is achieved by virtue of the process for 

manufacturing a mat according to the invention whereby at least 
one first layer or series of layers of strand(s) formed of filaments 
and at least one second layer or series of layers of strand(s) 
formed of filaments are deposited on at least one moving 

3 0 conveyor, characterized in that at least some of the strand(s) of 

the first layer or series of layers are opened before the first layer 
or series of layers and the second layer or series of layers are 
superposed. 

As a preference, this is a continuous-strand mat, the 
35 aforementioned layers of strand(s) being layers of continuous 
strand(s). 

The present invention also relates to a device for 
implementing the process, this device comprising at least: 

- a first device or series of devices for supplying a first layer 
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or series of layers of strand(s) formed of filaments, 

- a second device or series of devices for supplying a 
second layer or series of layers of strand(s) formed of filaments, 

- at least one conveyor intended to receive the first layer or 
5 series of layers and the second layer or series of layers of 

strand(s), 

- and at least one device for opening strands which is 
located downstream of the first supplying device or series of 
supplying devices and upstream of the point of the conveyor at 

10 which the first layer or series of layers and the second layer or 
series of layers are superposed. 

The present invention also relates to an improved strand 
mat, preferably a continuous-strand mat, this mat comprising 
one or more layer (layers) of integrated strand(s) (that is to say 

15 strands with integrity, the filaments being held together within 
the strands) and one or more layer (layers) of strand(s) at least 
partly opened in the form of filaments, this mat being obtained or 
being capable of being obtained according to the process of the 
invention. In particular, the present invention relates to a mat, 

20 preferably a continuous-strand mat, comprising one or more 
layer (layers) of integrated strand(s) and one or more layer 
(layers) of strand(s) at least partly opened in the form of 
filaments, the latter layer or layers having a filament dispersion 
gradient. 

25 The process and the mats according to the invention exhibit 

numerous advantages over the conventional processes and mats, 
which advantages will be brought to light during the description 
which follows. 

In the process according to the invention as defined earlier, 
30 a mat comprising several layers of strand(s) formed of filaments 
is formed by continuously depositing several layers of strand(s) 
formed of filaments onto at least one moving conveyor (the 
layers becoming superposed on one another) and by at least 
partially opening the strand(s) of one or more layers of strand(s) 
35 prior to superposition with one or more other layers of strand(s). 
More specifically, at least one first layer or series of layers of 
strand(s) formed of filaments and at least one second layer or 
series of layers of strand(s) formed of filaments are deposited on 
at least one moving conveyor (''first" and ''second'' not defining a 
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chronological order in the present invention, but allowing the 
layers to be differentiated; the first layer may thus be deposited 
at a time after the second layer), the layers becoming 
superposed (in fact, each layer deposited on a conveyor becomes 
superposed with the layer or layers already deposited on this 
same conveyor) and, before the first layer or series of layers and 
the second layer or series of layers are superposed, at least some 
of the strand(s) of the first layer or series of layers are opened 
and their constituent filaments are at least partially dispersed. 

It is very important in the present invention that the 
strands should be opened on some of the deposited layers prior 
to superposition with the other layers (and not, for example, on 
all of the layers deposited), as this allows numerous advantages 
to be obtained; in particular, in the case of the manufacture of a 
continuous-strand mat, this makes it possible to obtain both the 
desired surface finish and the desired bulk for the mat. 

More generally, this procedure also makes it easier to 
obtain mats which have better cohesion throughout their 
thickness and require less binder to give them this cohesion, as 
will become clear later on in the description. 

Each layer deposited on the conveyor contains one or more 
strand(s) and preferably comprises several strands (generally 
between one and a few tens of strands). Each strand used to 
form the mat comprises several filaments (for example of the 
order of 10 to 150 filaments), these filaments generally having a 
diameter from a few microns to a few tens of microns (for 
example, of the order of 5 to 24 microns in the case of glass 
filaments). If necessary, the filaments are initially held together 
within the strand by an appropriate sizing agent deposited (as is 
known) on the filaments at the time of manufacture of the 
strands (generally after the filaments are formed and before they 
are combined into strand(s)). The strands generally each have a 
linear mass ranging from 2 g/km to 100 g/km. 

Each strand is formed, in most cases, of filaments made of 
a single material but may possibly be formed of a mixture of 
filaments of different materials (composite strand). The initial 
(i.e. prior to deposition on the conveyor and the opening-out of 
certain strands) characteristics (diameter, linear mass, etc) or 
the construction of the strands used may differ from one layer to 
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another whereas the strands within one same layer are generally 
similar and formed of the same material(s). The strands are 
preferably formed (of filaments) of one or more materials chosen 
from thermoplastics and/or reinforcing materials, for example 
chosen from organic thermoplastics such as polyethylene 
terephthalate or an acrylic polymer, and reinforcing materials 
such as glass. As a preference, the mats according to the 
invention are formed at least partially of reinforcing strands (that 
is to say strands containing filaments made of one reinforcing 
material at least), advantageously glass strands, these strands 
being formed of glass filaments only (the most frequent scenario) 
or possibly being formed of glass filaments mixed with filaments 
made of an organic material (composite strands). As a particular 
preference, the strands forming the mats according to the 
invention are essentially (to the extent of more than 20% by 
weight, preferably more than 50% by weight of the strands) or 
solely, made of glass strands and/or the mats comprise, as layer 
(layers) of integrated strand(s), one (or more) layer (layers) of 
glass strand(s) and, as layer (layers) of open strand(s), one (or 
more) layer (layers) of strand(s) made of an organic 
thermoplastic (such as polyethylene terephthalate or an acrylic 
polymer, for example). 

The glass strands used, as appropriate, to form the mat 
according to the invention are generally E glass strands, these 
strands being the strands most commonly used in the field of 
reinforcements. Other types of glass strand may also be used to 
form the mat, such as A glass strands, particularly for forming 
the first layer or series of layers (layer (layers) of open strand(s) 
according to the invention). As a preference, the second layer or 
series of layers of strand(s) (layer (layers) of integrated 
strand(s)) is formed of E glass strand(s), and in most instances 
according to the invention, the mat comprises, by way of strands, 
only E glass strands. 

As a preference, the process according to the invention is a 
direct process in which filaments are formed from feed devices, 
such as, for example, bushings and/or extrusion devices, then 
the filaments are grouped together into strand(s) which are 
distributed using projecting devices onto at least one moving 
conveyor so as to form the layers of strand(s) according to the 
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invention, each collection of strand(s) projected from a projecting 
device forming one layer of strand(s). 

For example, according to one preferred embodiment of the 
invention, the strand or strands of each layer of the mat are 
obtained from at least one bushing (or die) by drawing a great 
many threads of molten glass, flowing from a great many orifices 
at the base of the bushing in the form of one or several fans of 
continuous filaments and then by combining the filaments into 
the form of the strand or strands. In this embodiment of the 
invention, the drawing and pulling of the strands of each layer is 
achieved using a drawing system or ''drawing wheel'' rotating 
about a fixed axis and equipped with a projecting member or 
"bladed wheel" swung back and forth with respect to this axis, 
this projecting member projecting and distributing the strands 
onto the conveyor moving transversely with respect to the 
direction of the projected strands. 

In one embodiment of the invention the strand or strands 
of at least one layer may also be obtained by extruding and 
pulling a thermoplastic organic material at the same time as the 
glass threads are drawn in the form of filaments, the paths 
followed by the glass filaments and the thermoplastic organic 
filaments converging together before the said filaments are 
combined into one or more composite strands which are pulled by 
the drawing system mentioned earlier. This embodiment of the 
invention makes it possible to obtain a mat which has at least 
one layer of composite strands. 

In another advantageous embodiment, the strand or 
strands of the second layer or series of layers of the mat are 
obtained from bushing(s) like the one described previously and 
the strand or strands of the first layer(s) of the mat are obtained 
by extruding and pulling from extrusion device(s), a 
thermoplastic organic material in the form of filaments which are 
grouped together into the said strand or strands. 

As a preference, according to the invention, particularly 
when the feed devices ail have very similar or identical outputs, 
the first layer or series of layers comes from one to four feed 
devices, for example from one to four bushings or from one to 
four extrusion devices, the second layer or series of layers 
generally coming from a far greater number of feed devices (for 
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example so that the first layer or series of layers form merely of 
the order of 5 to 20% by weight of the mat obtained, this mat 
thus simultaneously having a good surface finish, good 
mechanical properties and the desired bulk In the case of 
continuous strands). 

According to the invention, the strands are generally 
opened by one or more mechanical (or partially mechanical) 
means acting on the strands of the first layer or series of layers 
deposited on the conveyor. As a preference, the strands are 
opened mechanically under the action of a cascade and/or of jets 
of fluid (for example a cascade or jets of water or a cascade or 
jets of liquid binder as mentioned later) arriving transversely on 
the strand(s) of the first layer or series of layers arranged on the 
conveyor. The strands, in the case of continuous strands, are 
preferably opened under the action of a cascade of liquid poured 
out onto the strand(s) of the first layer or series of layers 
deposited on the conveyor, whereas the use of jets is preferred in 
the case of chopped strands. 

According to the invention, the strand or strands of the first 
layer or series of layers are opened, at least partially, that is to 
say that the filaments making up the strand(s) or the filaments of 
at least some of the strands are detached over one or more 
portions of the strand(s) and occupy (or spread out on) an area 
(or cross section) which is larger than the one initially occupied 
by the strand (for example a cross section of the order of a few 
millimetres whereas the strand initially has a cross section 
smaller than 1 millimetre), these filaments usually still remaining 
contiguous (or the strand retaining approximately its initial cross 
section) at other points along the strand(s). 

Depending on the type of opening device employed, this 
device may also disperse the filaments to a greater or lesser 
extent. In the embodiment of the invention employing a cascade 
or jets of liquid, this cascade or these jets may thus be regulated 
(for example as far as their flow rate is concerned) so as to allow 
the strand(s) to be opened and at the same time encourage their 
constituent filaments to disperse. For example, and particularly in 
the case of continuous strands, the use of a cascade with a flow 
rate of the order of 1 to a few cubic metres per hour per metre 
width of cascade, for a conveyor travelling at speeds of the order 
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of a few metres to a few tens of metres per minute, allows for 
good opening of tine strands and good dispersion of the filaments. 
It is also possible to envisage the use of an additional dispersing 
device separate from the strand-opening device or devices; for 
5 example, the strand or strands of the first layer or series of 
layers may, while they are being opened or afterwards, pass 
through a bath that encourages their constituent filaments to 
disperse. This bath may, for example, consist of the excess liquid 
falling from the cascade or from the jets and not retained by the 

10 layers of strand(s) or may be independent of the cascade or of 
the jets. It may be contained on a portion of the conveyor 
(particularly in instances where this conveyor is in the form of a 
non-impervious web of fabric), particularly downstream of the 
opening device or devices, by means of a plate placed under the 

15 conveyor and, possibly, by means of side walls bordering the 
conveyor. The presence of the bottom plate containing the bath 
may, if appropriate, allow for better opening of the strands and 
dispersion of the filaments. 

The layer or first series of layers obtained after the opening 

20 of the strand(s) and the dispersing of the filaments, generally has 
or have a filament dispersion gradient, the action of the opening 
devices of the cascade or jets type being exerted mainly at the 
surface of the layer or layers receiving the cascade or the jets 
and then being exerted to ever lesser extents right as far as the 

25 opposite surface, generally the surface in contact with the 
conveyor, of the layer or layers. In other words, dispersion of the 
filaments constituting the strand(s) of the first layer or series of 
layers decreases (the filaments spread out over an area of 
smaller and smaller size and/or the strands are opened over an 

30 increasingly diminishing length compared with the total length of 
strand) the more distant they are from the face (of the layer or 
layers) which received the cascade or the jets. 

According to the invention, the strand or strands of the first 
layer or series of layers are opened while they are on a conveyor 

35 and then are superposed with the strand(s) of the second layer or 
series of layers, that is to say that they may come and cover the 
strand(s) of the second layer or series of layers or they may be 
covered by the strand(s) of the second layer or series of layers 
(as a general rule, and as a preference, they are covered by the 
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strancl(s) of the second layer or series of layers and are in 
contact with the conveyor). 

The strands of the various layers may be deposited 
successively on the same conveyor or may be deposited on 
5 several conveyors, final superposition of all of the layers taking 
place on a conveyor on which all the layers arrive (and are 
therefore deposited) (it being possible for some layers to come 
from other conveyors on which they were initially deposited). In 
particular, the strand or strands of the first layer or series of 

i: layers may be opened on a first conveyor, then may be 
introduced onto a second conveyor before covering or being 
covered by the strand(s) of the second layer or series of layers, 
on this second conveyor. This embodiment in particular has the 
advantage of allowing the use, for each layer or series of layers, 

15 of conveyors suited to the treatments that are experienced by 
these layers. 

According to one advantageous embodiment of the present 
invention, the strand or strands of the first layer or series of 
layers are positioned or re-positioned on the conveyor before 

2Z covering or being covered by the strand(s) of the second layer or 
series of layers so that the greatest dispersion of filaments is on 
an outer face of the fibrous structure (or mat) thus formed. For 
example, the strand(s) of the first layer or series of layers are 
deposited and then opened by a cascade or jets of fluid on a first 

25 conveyor and then cover the strand(s) of the second layer or 
series of layers on a second conveyor in such a way that the most 
open strand(s) is (are) on the top face of the fibrous structure 
obtained, or alternatively the strand or strands of the first layer 
or series of layers are deposited and then opened by a cascade or 

3C jets of fluid on a first conveyor and are then introduced onto a 
second conveyor turning the layer or series of layers over so that 
the strands on the top face of the layer or series of layers are on 
the bottom face and vice versa before the layer or series of layers 
is or are covered with the strand(s) of the second layer or series 

35 of layers in such a way that the most open strand(s) is (are) on 
the bottom face of the fibrous structure obtained. These 
embodiments make it possible to further improve the surface 
finish (at least on one face) of the products obtained. 

As a preference, in the process according to the invention. 
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provision is also made for coating the layers of strands with at 
least one binder which, after an appropriate treatment, for 
example after melting and/or polymerization and/or cross-linking 
thereof, provides for the cohesion of the strands and filaments of 
which the mat is made. As a preference, use is made of at least 
one binder in the form of a liquid and as a particular preference, 
use is also made of at least one binder in powder form in addition 
to the liquid binder, these two binders or these two parts of 
binder advantageously being deposited separately. 

The liquid binder is preferably deposited (poured, sprayed) 
onto the first layer or series of layers of strands after the strands 
have been opened and/or their constituent filaments dispersed, 
or at the same time as the opening and/or dispersion, and prior 
to superposition with the second layer or series of layers, and 
allows the strands of the first layer or series of layers to be pre- 
bound. In the embodiment of the invention employing a cascade 
or jets of liquid as a device for opening the strands, this binder 
preferably corresponds to the liquid poured out by the cascade or 
the jets of liquid (or is present in this liquid). The binder in 
powder form is preferably poured onto the second layer or series 
of layers after the various layers have been superposed. The 
layer or layers pre-bound by the liquid binder are preferably 
placed on the bottom face of the mat formed on the conveyor in 
order to minimize the effect of any insufficiency of powder binder 
reaching the first layer or series of layers or to hold the powder 
binder in the mat and thus allow this mat to be bound over its 
entire thickness using minimal quantities of liquid binder and 
powder binder. The use of small quantities of binder, particularly 
of powder, also makes it possible to avoid the formation of 
accumulations of binder or of powder which may detract from the 
surface finish of the product obtained. The mat thus obtained is 
sufficiently bound without there being an excessive or large 
amount of binder, throughout its thickness and on both faces, 
thereby making a saving on binder. 

The combined use of a liquid binder and of a binder in 
powder form, as described earlier, in the process according to the 
invention thus has a number of advantages: in particular it 
makes it possible to obtain a particularly uniform distribution of 
binder within the mat, particularly throughout its thickness, using 
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small amounts of binder, unlike the use of a binder solely in the 
form of powder, possibly dispersed in a non-sticking liquid, or 
solely in the form of a solution, these latter types of binder 
actually spreading themselves more selectively through the mat 
5 and being used in greater quantity in order to obtain bonding 
throughout the thickness of the mat, this leading to strands being 
excessively bound at certain points in the mat. 

The binder (or the part of the binder) in liquid form is in the 
form of a solution or emulsion or suspension and generally 

10 comprises a solvent or (in the case of an emulsion or a 
suspension) a medium or vehicle, for example water, a bonding 
agent in the form of polymer(s), for example a polyvinyl acetate 
or an acrylic or polyester resin, a coupling agent, for example a 
silane, and a dispersing agent, for example a non-ionic or cationic 

15 surfactant. The binder (or the part of the binder) in powder form 
is generally in the form of thermoplastic or thermoset polymer(s), 
for example in the form of unsaturated polyester(s). 

The ''dry'' content of the liquid binder (that is to say what 
remains after the solvent or medium has been evaporated off) 

20 that it is intended to deposit, as appropriate, on the first layer or 
series of layers preferably represents from 0 to 5% by weight of 
the weight of the first layer or series of layers (the dry extract of 
the liquid binder representing, for example, of the order of 3 to 
12% of the liquid binder), and the content of binder in powder 

25 form deposited, as appropriate, on the second layer or series of 
layers preferably represents from 2 to 6% by weight of the 
overall weight of the layers deposited. 

The binder, particulariy the binder in liquid form, not 
retained by the mat may be recycled and re-used in the process 

30 according to the invention, its composition being re-adjusted by 
topping-up with liquid or solid prior to deposition on further 
strands or further portions of strands in the process according to 
the invention. 

The fibrous structure obtained after the deposition of the 
3 5 second layer or series of layers and after the deposition of the 
binder for binding the layers together, is generally introduced into 
a device which allows or encourages melting and/or 
polymerization and/or cross-linking of the binder, for example a 
heat treatment device such as an oven or, for example, 
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depending on the choice of binder, an irradiation device such as a 
source of ultraviolet radiation. If appropriate, the sheet of strands 
obtained after the deposition of the second layer or series of 
layers may have been treated to remove the excess water from 
the strands, for example may have been dried by passing 
through a first oven before the deposition, as appropriate, of the 
binder in powder form and before, for example, passage into a 
second oven for melting and/or polymerizing and/or cross-linking 
the binder. This drying makes it possible, as necessary, to fix the 
active components of the liquid binder deposited and/or allows 
the binder in powder form to better make its way into the layers 
of strands. It is also possible to spray a fluid such as water onto 
the sheet of strands (that is to say to re-humidify the strands 
slightly) just before and/or just after the deposition of binder in 
powder form so as to better fix this binder on the strands. 

The mat according to the invention generally has an overall 
mass per unit area of at least 150 g/m^. It generally comprises 
(or consists of) one or more layers (corresponding approximately 
to the second layer or series of layers) with a mass per unit area 
of at least 120 g/m^ (and preferably at least 170 g/m^, it being 
possible for this mass per unit area to extend as high as 900 or 
even 1800 g/m^) and one or more layers (corresponding 
approximately to the first layer or series of layers) with a mass 
per unit area of at least 20-30 g/m^ (and preferably at least 
70 g/m^), this mass generally being lower than that of the other 
aforementioned layer (layers) and, in most cases, being below 
150 g/m^. 

The mat according to the invention most usually consists of 
a fibrous structure, generally coated with a binder treated as 
described eariier, this structure being obtained according to the 
process of the invention. This mat (or this fibrous structure) 
comprises at least one layer of glass strand(s) opened at least 
partially in the form of filaments and having a filament dispersion 
gradient (or alternatively an area-occupied-by-open-strands 
gradient) and at least one layer of integrated (or intact) glass 
strand(s), that is to say of strand(s) made up of filaments which 
are secured together, this (these) strand(s) generally having an 
approximately round cross section, this last layer being bound to 
the other layer or layers by a binder or binders and having 
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retained (particularly when it Is a layer of continuous strands) its 
initial bulk and good porosity because it has not experienced the 
compression or breaking-up force during the process. The 
presence of this last layer also makes it possible to obtain 
composites which have good mechanical properties. In general, 
the layer (layers) of open strand(s) represent(s) from 5 to 50% 
by weight of the fibrous structure obtained according to the 
invention (or of the mat) and preferably represent(s) from 5 to 
20% (or even, in most cases, from 8 to 20%) of this structure (or 
of the mat). 

The mat according to the invention may also possibly be 
formed by assembling back to back two fibrous structures 
obtained according to the process of the invention and by binding 
them, for example by sticking, so that they have one or more 
central layer (layers) formed of integrated glass strand(s) and 
external layers each having a filament dispersion gradient, such a 
mat having the advantage of having a good surface finish on both 
faces. 

The mats according to the invention have, in the case of 
continuous strand mats, satisfactory bulk compared with their 
weight of strands so that they can be used in injection moulding. 
For example, for a grammage (or mass per unit area) of the 
order of 450 g/m^, they have a thickness (under a pressure of 
less than 50 g/cm^) of at least 1.5 mm, generally at least 2 mm 
(unlike the mats intended, for example, for electrical applications 
or for pultrusion which, for the same grammage, have a 
thickness of less than 1 mm). Continuous strand mats according 
to the invention make it possible easily and effectively to obtain 
composites and/or moulded products, particularly injection- 
moulded products which, in particular, have a particularly 
satisfactory surface finish. The composites obtained comprise at 
least one mat according to the invention and at least one organic 
and/or inorganic material, preferably at least one organic 
thermoplastic or thermoset or elastomer material (such as a 
polyurethane). 

Although the process and the mats according to the 
invention have been described as a preference in the case of 
continuous strand mats, the process and the mats according to 
the invention are also particularly advantageous in the case of 
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chopped strand mats which case is also covered by the present 
invention. Chopped strand mats may be obtained by proceeding 
as described above in the case of continuous strands, the strands 
obtained by grouping filaments together, however, being chopped 
5 by a chopping device before they are deposited or at the same 
time as being deposited in the form of a layer or layers on the 
conveyor in the process according to the invention, these strands 
coming directly from bushings and/or extruders, or possibly also 
coming from windings. The mats obtained also have two types of 

10 layer (layers) as defined according to the invention, the 
advantages obtained being, in particular, better cohesion within 
the thickness of the mat, a saving of binder (less binder needed 
for cohesion and, as appropriate, lower losses of binder because 
the open strands better retain the binder within the bottom part 

15 of the mat) and a better surface finish. The mats according to the 
invention may also combine both continuous strands and chopped 
strands, and the layers of strands used in the process according 
to the invention may, in the case of some of them, be continuous 
strand layers and, in the case of others, be chopped strand 

20 layers. 

Other advantages and features of the invention will become 
apparent in the following description with reference to the 
drawings illustrating advantageous embodiments of the present 
invention, these embodiments being illustrative but non-limiting. 
25 Figure 1 diagrammatically depicts a first embodiment of the 

invention. 

Figure 2 diagrammatically depicts a second embodiment of 
the invention. 

Figure 3 diagrammatically depicts a third embodiment of 
30 the invention. 

In the depicted figures, the direction of travel of each 
conveyor is marked by an arrow over the conveyor. 

In the embodiment illustrated in Figure 1, a first series of 
layers (1, 2, 3) of strands, coming from three bushings or three 
35 extruders (not depicted), each layer comprising one or more 
strands and covering the strand(s) of the previous layer, is 
continuously deposited on a moving conveyor (4), The material of 
which the belt of the conveyor is made may, for example, be 
steel wire fabric. The first series of layers passes under a strand- 
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opening device (5), this device (for example in the form of a 
hollow cylinder with a vertical wail at its base) having an opening 
(6) at Its top to allow the continuous escape of a liquid binder (7) 
fed continuously to the device, this liquid binder flowing along a 
partially bottom vertical wall (8) of the opening device and thus 
falling in the form of a screen (or cascade) of liquid (9) onto the 
first series of layers. The flow rate of liquid binder is chosen to be 
such as to allow the strands to be opened and to allow the 
desired dispersion of strands, the binder at the same time 
allowing the strands of the first series of layers to be bound 
together. 

The excess binder deposited on the mat and not retained 
thereby may be temporarily held at the surface of the conveyor 
so as to form a bath in which the first series of layers runs and so 
as to allow better dispersion of the filaments forming the strands 
after these strands have been opened. A leakproof rigid plate 
(11) and possibly side walls (not depicted in the figures) may be 
used for this purpose to retain the excess liquid binder over a 
certain portion of the path of the layers of strands, then the 
excess binder is removed, for example through the conveyor and 
possibly recovered and then recycled using (an) appropriate 
device(s) (depicted diagrammatically as 10). If necessary, the 
composition of the binder is re-adjusted before it is re-introduced 
into the device (5). 

After the strands have been opened and their constituent 
filaments dispersed, the first series of layers of strands is 
continuously covered with a second series of layers of strands 
(five layers 12, 13, 14, 15, 15 being depicted here for practical 
reasons, but the number of layers in the second series generally 
being higher) from bushings (not depicted). The sheet or fibrous 
structure formed (17) is possibly dried in an oven (18) and then 
coated with binder (19) in powder form using one or more 
appropriate device(s) (20), this sheet possibly being re- 
humidified slightly before and/or after the deposition of the 
powder so as to allow better fixing thereof. The binder (liquid and 
in powder form) is then treated, for example in an oven (21), so 
as to obtain a mat (22), it being possible for this mat then to be 
collected and/or cut and/or assembled with other similar mats 
(these operations are not depicted) so as to obtain the end 
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mat(s). It may be possible to provide a device (not depicted) for 
cleaning or washing the belt of the conveyor (generally an 
endless belt) so as to remove any binder that may have become 
stuck to the conveyor, as the belt returns towards the initial 
5 stages of the process. It is also possible to use several conveyors 
in succession instead of just one conveyor (4). 

In the embodiment depicted in Figure 2, a first series of 
layers (1, 2, 3, 23) of strands, coming from four bushings or four 
extruders (not depicted), each layer comprising one or more 
10 strands and covering the strand(s) of the previous layer, is 
continuously deposited on a first moving conveyor (4). The first 
series of layers passes under a strand-opening device (5) pouring 
a liquid binder out in the form of a cascade onto the first series of 
layers. 

15 Like in the first embodiment, the first series of layers runs 

through a bath formed of the excess binder, so as to allow better 
dispersion of the filaments that make up the strands after these 
have been opened, this bath being delimited by a plate (11) and 
possibly walls (not depicted), then the excess binder is removed 

20 and possibly recycled using (an) appropriate device(s) (10), like 
in the first embodiment. 

After the strands have been opened and their constituent 
filaments dispersed, the first series of layers of strands is 
transferred onto a second conveyor (24) where it is continuously 

25 covered with a second series of layers of strands (12, 13, 14, 15, 
16). The sheet (17) formed is then treated as in the embodiment 
illustrated in Figure 1. 

The embodiment depicted in Figure 3 is similar to the 
embodiment depicted in Figure 2 except that the first series of 

3 0 layers of strands is "turned over'' before it is introduced onto the 
second conveyor. Thus, the strands which, on the first conveyor 
(4); were on the top face of the first series of layers find 
themselves on the bottom face on the second conveyor (24) and 
the strands which, on the first conveyor (4), were on the bottom 

35 face find themselves on the top face on the second conveyor 
(24). The most "open" strands which give a better surface finish 
are therefore on one surface of the formed mat. 

Mats obtained according to the invention may be used to 
advantage in the production of various composite items. 
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particularly in the manufacture of injection-moulded Items (for 
example car parts such as lorry cabs, etc.) or pressings, etc. 
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CLAIMS 

1. Process for manufacturing a nnat whereby at least one 
first layer or series of layers of strand(s) formed of filaments and 
at least one second layer or series of layers of strand(s) formed 
of filaments are deposited on at least one moving conveyor, 
characterized in that at least some of the strand(s) of the first 
layer or series of layers are opened before the first layer or series 
of layers and the second layer or series of layers are superposed. 

2. Process according to Claim 1, whereby the strands are 
continuous strands. 

3. Process according to Claim 1, whereby the strands are, 
at least in the case of some of them, chopped strands. 

4. Process according to one of Claims 1 to 3, whereby the 
strands are formed of reinforcing filaments, preferably glass 
filaments, and/or filaments made of an organic material. 

5. Process according to one of Claims 1 to 4, 
characterized in that the strands are opened mechanically 
under the action of a cascade and/or of jets of fluid arriving 
transversely on the strand(s) of the first layer or series of layers 
on the conveyor. 

6. Process according to one of Claims 1 to 5, 
characterized in that the strand or strands of the first layer or 
series of layers, during or after opening, pass through a bath 
which encourages their constituent filaments to disperse. 

7. Process according to one of Claims 1 to 6, 
characterized in that the strand or strands of the first layer or 
series of layers are opened by a fluid comprising a liquid binder. 

8. Process according to one of Claims 1 to 7, 
characterized in that a binder in powder form is poured onto 
the superposed layers of strand(s). 

9. Process according to Claim 8, characterized in that 
the strands are re-humidified just before and/or just after the 
powder-form binder is deposited. 

10. Process according to one of Claims 7 to 9, 
characterized in that the superposed layers of strandCs) are 
introduced into a device for melting and/or polymerizing and/or 
cross-linking the binder. 

11. Process according to Claim 10, characterized in that 
the superposed layers of strand(s) are dried before being 
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introduced into a device for melting and/or polymerizing and/or 
cross-linking the binder, 

12. Process according to one of Claims 1 to 11, 
characterized in that the strand or strands of the first layer or 

5 series of layers are opened on a first conveyor then introduced 
onto a second conveyor on which they are covered with the 
strand(s) of the second layer or series of layers. 

13. Process according to one of Claims 1 to 12, 
characterized in that the strand or strands of the first layer or 

10 series of layers are turned before being introduced onto the 
second conveyor. 

14. Process according to one of Claims 1 to 13, 
characterized in that each layer of strand(s) comes from a 
bushing and/or an extruder and/or from (a) winding(s). 

15 15. Device for implementing the process, this device 

comprising: 

- a first device or series of devices for supplying a first layer 
or series of layers of strand(s) formed of filaments, 

- a second device or series of devices for supplying a 
20 second layer or series of layers of strand(s) formed of filaments, 

- at least one conveyor intended to receive the first layer or 
series of layers and the second layer or series of layers, 

- and at least one device for opening strands which is 
located downstream of the first supplying device or series of 

25 supplying devices and upstream of the point of the conveyor at 
which the first layer or series of layers and the second layer or 
series of layers are superposed. 

16. Device according to Claim 15, characterized in that 
the device for opening the strands has an opening at its top 

30 allowing the continuous escape of a fluid supplied continuously to 
the device, this fluid flowing along a vertical wall at the base of 
the opening device. 

17. Mat comprising one or more layer (layers) of integrated 
strand(s) and one or more layer (layers) of strand(s) at least 

35 partly opened in the form of filaments and capable of being 
obtained according to the process of one of Claims 1 to 14. 

18. Mat comprising one or more layer (layers) of integrated 
strand(s) and one or more layer (layers) of strand(s) at least 
partly opened in the form of filaments, the latter layer or layers 
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having a filament dispersion gradient 

19. Mat according to Claim 18, whereby the strands are 
formed of reinforcing filaments, preferably glass filaments, and/or 
filaments of an organic material. 
5 20. Mat according to one of Claims 18 and 19, whereby the 

strands are continuous strands. 

21. Composite comprising at least one organic material 
and/or one inorganic material and comprising at least reinforcing 
strands, characterized In that it comprises at least one mat 
10 according to one of Claims 17 to ,20. 
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PROCESS FOR MANUFACTURING A MAT, 
AND PRODUCTS OBTAINED 



Applicant: VETROTEX FRANCE 
Inventor: DROUX Michel 



ABSTRACT 

The present invention relates to a process for 
manufacturing a mat whereby at least one first layer or series of 
layers of strand(s) formed of filaments and at least one second 
layer or series of layers of strand(s) formed of filaments are 
deposited on at least one moving conveyor, characterized in that 
at least some of the strand(s) of the first layer or series of layers 
are opened before the first layer or series of layers and the 
second layer or series of layers are superposed. 

The present invention also relates to a device for 
implementing the process and to the mats obtained. 

Figure 1. 
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vertu du Titre 35, § 119(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur toute dennande etrangere de brevet ou certificat 
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Je revendique par Ie present acte tout benefice, en vertu du Titre 
35, § 119(e) du Code des Etats-Unis, de toute demande de 
brevet provisoire effectuee aux Etats-Unis et figurant ci-dessous. 
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below 



(Application No.) 
(N^ de demande) 



(Filing Date) 
(Date de depot) 



(Application No.) 
(N- de demande) 



(Filing Date) 
(Date de depot) 



Je revendique par Ie present acte tout benefice, en vertu du Titre 
35, § 120 du Code des Etats-Unis, de toute demande de brevet 
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chacune des revendications de cette demande de brevet n'est 
pas divulgue dans la demande anterieure americaine ou 
internationale PCT, en vertu des dispositions du premier para- 
graphe du Titre 35, § 112 du Code des Etats-Unis, je reconnais 
devoir divulguer toute information pertinente a ia brevetabilite, 
comme defini dans Ie Titre 37. § 1 56 du Code federal des 
reglementations, dont j'ai pu disposer entre la date de depot de 
la demande anterieure et la date de depot de ia demande 
nationale ou Internationale PCT de la presente demande. 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, I acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1 .56 which 
became available between the filing date of the prior application 
and the national or PCT International filing date of this 
application 



PCT/FR99/01874 
(Application No.) 
(N- de demande) 



29 July 1999 
(Filing Date) 
(Date de depot) 



(Status) (patented, pending, abandoned) 
(Statut) (brevete, en cours d'examen, abandonne) 



(Application No.) 
(N- de demande) 



(Filing Date) 
(Date de depot) 



Je declare par Ie present acte que toute declaration ci-incluse 
est, a ma connaissance, veridique et que toute declaration 
formulee a partir de renseignements ou de suppositions est 
tenue pour veridique, et de plus, que toutes ces declarations ont 
ete formuiees en sachant que toute fausse declaration volontaire 
ou son equivalent est passible d'une amende ou d' une 
incarceration, ou des deux, en vertu de la Section 1001 du Titre 
18 du Code des Etats-Unis, et que de telles declarations 
volontairement fausses risquent de compromettre la valid ite de la 
demande de brevet ou du brevet delivre a partir de celie-ci. 



(Status) (patented, pending, abandoned) 
(Statut) (brevete, en cours d'examen, abandonne) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon 
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French Language Declaration 



POUVOiRS En tant que I'inventeur cite, je designs par la 
presente r(ies) avocat(s) et/ou agent(s) su!vant(s) pour qu'ils 
poursuive(nt) la procedure de cette demande de brevet et 
traite(nt) toute affaire s'y rapportant avec I'Office des brevets 
et des marquees (mentionner le nom et le numero 
\d'enregistrement). 



POWER OF ATTORNEY: As a named inventor. I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith: (list name and 
registration number) 



Gorman R Obion, Reg. No. 24^^lJ^; Marvin J. Spivak, Reg. No. 24,913 ; C. Irvin McClelland, Reg. No. 21.124; Gregory J. Maier, Reg. No. 
25^^; Arthur L Neustadt, Reg. No. ^J85^ Richard D. Kelly, Reg. No. James D. Hamilton, Reg. No. 28,421 ; Eckhard H. Kuesters, 

Reg. No.^a^8ZQ;- Robert T. Rous, Reg. No. 29,099; Charles L. Gholz, Reg. No..^J6j395; William E Beaumont, Reg. No. 30,996; Jean-Paul 
Lavalleye, Reg. No..31_,4^; Stephen G. Baxter, Reg. No. ^,^884; Richard L. Treanor, Reg. No 36.379: Steven R Welhrouch, Reg. No. 
3 2,829 .; John T Goolkasian, Reg. Nq,^142j Richard L. Chinn. Reg. No. 3 4,305 ; Steven E. Lipman, Reg. No. 30,011; Carl E. Schller, Reg. 
No. 34.426- James J. Kuibaski, Reg. No_34*64^; Richard A. Neifeld, Reg. No. 35T299: J. Derek Mason, Reg. No. 35. 270; Surinder Sachar, 
Reg. NoJ3A423;,Christina M. Gadiano, Reg. No. 3^7^^; Jeffrey B. Mclntyre, Reg. No. 36,867^Wiiliam T. Enos, Reg. No. 33J_28^ Michael E. 
McCabe, Jr., Reg. N o.j7,182; Bradley D. Lytle, Reg. No. 40 .073; and Michael R. Casey, Reg. No. 40 J^4^yvith full powers of substitution and 
revocation. 



Addresser toute correspondance a* 



Send Correspondence to: 
Oblon, Spivak, McClelland, Maier & N eustadt , P.C. 
" ^ — Fp^TFrFCGOR;;^ 

1 755 JEFFERSON D AVIS HIGHWA Y 
AROlTGTOfCWRnTfsrrA 22202 LrB"A~^ 



Adresser tout appe! telephonique a. 
(nom et numero de telephone) 



Direct Telephone caiis to: (name and telephone number) 
(703)413-3000 



Nom complete de i'unique ou premier inventeur 



Full name of sole or first inventor 
,MlcheI P_ROUX„ 



Signature de I'inventeur 



Date 



Inventor's signature 



Date 



Domicile 



Residence 7, rue de l^Helia, F-73490 
_LaJaa3mlre., FRANCE j^'.^^Y 



Nationalite 



Citizenship 
FRANCE 



Adresse Postale 



Post Office Address 
s ame a s above 



Nom complete du second co-inventeur, le cas echeant 



Full name of second joint inventor, if any 



Signature de I'inventeur 



Date 



Second inventor's signature 



Date 



Domicile 



Residence 



Nationalite 



Citizenship 



Adresse Postale 



Post Office Address 



(Fournier !es memes renseignements et la signature de tout 
co-inventeur supplementaire.) 



(Supply similar information and signature for third and subsequent 
joint inventors.) 
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